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ELECTRODE STRUCTURE ADAPTED FOR
HIGH APPLIED VOLTAGE AND
FABRICATION METHOD THEREOFK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrode structure and
the fabrication method thereof, and more particularly to an
clectrode structure adapted for high applied voltage and the
fabrication method thereof.

2. Description of the Related Art

FI1G. 1a 1s a diagram schematically illustrating an electrode
plate 100 with nearby electrode plates 200 and 300. When a
voltage difference across electrode plates 100 and 200 or
clectrode plates 100 and 300 1s substantially high, an electric
discharge through the dielectric material such as air or
vacuum, a phenomenon known as arcing, may happen. The
arcing path from electrode plate 200 to 100 1s referred as an
upper arcing path; and from electrode plate 300 to 100 1s
referred as a lower arcing path. The upper and lower arcing,
paths form a single equivalent circuit which 1s illustrated in
FIG. 15, wherein capacitor C, o5,500 a0d C, 55,300 represent the
parallel plate capacitor formed by electrode plate 100 and
200, and the parallel plate capacitor formed by electrode 100
and 300 respectively; and resistor R |, in series with C, ;5 -0
and C, 5200 10 the respective arcing paths, represents the
resistance of the electrode plate 100, which 1s made of alu-
minum for mnstance. Considering the upper arcing path for
example, when a voltage V_ 1s applied to the electrode plate
100, the voltage across C,,,,~0, may exceed the breakdown
voltage of the dielectric therebetween, resulting in arcing,
which can be considered as a short of C,5/550. Since resis-
tance of R, ,, made of metal 1s small, high amount of current
therethrough may cause the electrode function to fail. Hence,
the electrode plate 100 1s commonly made of refractory met-
als which have high breakdown voltages, such as titanium T1i,
tungsten W, or graphite, or metals treated with surface modi-
fication 1n order to prevent high voltage breakdown.

However, even with electrodes made of high breakdown
voltage materials, possible power failure caused by arcing 1s
still unresolved. Therefore, there 1s a need to prevent arcing
from happening while maintaining the electrode plate to be
conductive.

SUMMARY OF THE INVENTION

The present invention 1s directed to providing an electrode
structure adapted for high applied voltage and the fabrication
method thereof. The possibility of arcing 1s reduced, so that
the breakdown voltage applied to the electrode structure may
be increased, by covering the surface of the conductive plate
substrate with a covering layer such that the covered area 1s
more than the exposed area of the conductive plate substrate.

An electrode structure adapted for high applied voltage
according to one embodiment includes: a conductive plate
substrate having an upper surface, a lower surface, and a
side-wall surrounding a periphery of the conductive plate
substrate; and a covering layer formed on the upper surface
and the lower surface of the conductive plate substrate with a
portion of the conductive plate substrate exposed, wherein the
covering layer 1s made of ceramic material, and 1s of a cov-
ering percentage over the conductive plate more than about
50%, and comprises: a {irst covering layer, formed on the
upper surface of the conductive plate substrate; and a second
covering layer, formed on the lower surface of the conductive
plate substrate.
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An electrode structure adapted for high applied voltage
according to one embodiment further includes a metal layer
or a metal mesh layer disposed on the conductive plate sub-
strate not covered by the covering layer and/or a portion of the
covering layer.

A method for fabricating the electrode structure adapted
for high applied voltage according one embodiment includes
forming the covering layer on the conductive plate substrate.

The procedure of forming the covering layer can be carried
out by micro arc oxidation (MAQ), or by atmosphere plasma

spray (APS).

BRIEF DESCRIPTION OF THE DRAWINGS

The objectives, technical contents and characteristics of
the present invention can be more fully understood by reading
the following detailed description of the preferred embodi-
ments, with reference made to the accompanying drawings,
wherein:

FIG. 1a 1s a schematic diagram 1llustrating an electrode
plate of the prior art and 1ts arcing paths;

FIG. 15 1s a schematic diagram of the equivalent circuit of
the arcing paths 1llustrated 1n FIG. 1a;

FIG. 2a 1s a schematic diagram illustrating one embodi-
ment of the electrode structure adapted for high applied volt-
age of the present invention;

FIG. 2b 15 a schematic diagram of the equivalent circuit of
the arcing paths 1llustrated 1n FIG. 2a;

FIG. 3a 1s a schematic diagram illustrating a counter
example of the present invention;

FIG. 3b 15 a schematic diagram of the equivalent circuit of
the arcing paths 1llustrated 1n FIG. 3a;

FIG. 4 1s a schematic diagram of an electrode structure
adapted for high applied voltage according to one embodi-
ment of the present invention;

FIG. 5a, FIG. 56 and FIG. 3¢ are schematic diagrams
illustrating different embodiments of the electrode structure
adapted for high applied voltage of the present invention;

FIG. 6a and FIG. 6b are schematic diagrams 1llustrating,
different embodiments of the electrode structure adapted for
high applied voltage of the present invention;

FIG. 7 1s a schematic diagram illustrating one embodiment
of the electrode structure adapted for high applied voltage of
the present invention;

FIG. 8 15 a schematic diagram illustrating one embodiment
of the electrode structure adapted for high applied voltage of
the present invention; and

FIG. 9 15 a schematic diagram illustrating one embodiment
of the electrode structure adapted for high applied voltage of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present mvention provides an electrode structure
adapted for high applied voltage and the fabrication method
thereof, which comprises a conductive plate substrate and a
covering layer, made of ceramic material, over the conductive
plate substrate. The embodiments presented below are
intended for the purpose of illustration, and should not be
used for limiting the scope of the present invention.

FIG. 2a depicts a cross-sectional view of an electrode
structure adapted for high applied voltage according to one
embodiment. As illustrated 1n the figure, a conductive plate
substrate 110, e.g. an electrode plate, may be a thin plate, and
may be made of metal, non-limiting examples of which are
Al, T1, Mg, Fe and W, or nonmetal, wherein the conductive
plate substrate 110 having an upper surface 112, a lower
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surface 114, and a side-wall 115 surrounding a periphery of
the conductive plate substrate 110. A covering layer 120,
made by ceramic material 1n one embodiment, 1s formed on
the upper surface 112 and the lower surface 114 of the con-
ductive plate substrate 110 with a portion of the conductive
plate substrate 110 exposed, and the covering percentage of
the covering layer 120 over the conductive plate substrate 110
1s more than 50%, wherein the covering layer 120 comprises
a first covering layer 122 and a second covering layer 124.
The first covering layer 122 1s formed on the upper surface
112 of the conductive plate substrate 110 and the second
covering layer 124 1s formed on the lower surface 114 of the
conductive plate substrate 110. Since the area of the conduc-
tive plate substrate 110 covered by the covering layer 120 1s
substantially more than the area exposed, the possibility of
arcing 1s reduced so that breakdown voltage applied to the
conductive plate substrate 110 can be highly increased.

In continuation to the above illustration, the ability to sus-
tain higher breakdown voltage when a substantial portion of
the surface area of the conductive plate substrate 110 1s cov-
ered with ceramic material may be explained with reference
to FIG. 2b, 1n which an equivalent circuit of the arcing paths
of the electrode structure adapted for high applied voltage 1s
shown. As 1illustrated in FIG. 1a, arcing happens when
another electrode plate 200 or 300 1s placed nearby the elec-
trode plate 100 and the voltage difference across the two
clectrode plates 100 and 200 or electrode plates 100 and 300
exceed the breakdown voltage of the dielectric therebetween.
Referring to FI1G. 25, the upper and lower arcing paths form a
single circuit wherein the equivalent circuit of the upper arc-
ing path includes a capacitor C, ;-0 representing the capaci-
tance between the conductive plate substrate 110 and the
implied electrode plate 200, and resistors R, ,, and R, ,, rep-
resenting the resistance of the conductive plate substrate 110
and the resistance of the upper covering layer 122 respec-
tively; the equivalent circuit of the lower arcing path includes
a capacitor C, | 5300 representing the capacitance between the
conductive plate substrate 110 and the implied electrode plate
300, andresistors R, ,, and R, ,, representing the resistance of
the conductive plate substrate 110 and the resistance of the
lower covering layer 124, respectively. The total resistance of
an arcing path R -1s therefore equal to the resistance of (R, +
R, 00 V/(R;-4+R50). Since the resistance of R ,, or R ., made
of ceramic material 1s large, the total resistance 1s also large;
as a result, when a voltage V , 1s applied, the instantaneous
current through the resistive network of resistance R - causes
a large amount voltage drop which significantly reduces the
voltage across the capacitor C, ;-0 OF C, | 5/300, thereby pro-
tecting the capacitor C, | 5/-00 0T C; 10/300 Irom breaking down.

As 1llustrated in FIG. 2a, the covering percentage of the
covering layer 120 over the conductive plate substrate 110 1s
more than 50%. A ratio which 1s chosen intentionally as
explained 1n the following. FIG. 3a illustrates a counter
example where the covering percentage of the covering layer
120 1s only 50% or less. The equivalent circuit of FIG. 3a 1s
provided 1n FIG. 3b, wherein the upper arcing path and the
lower arcing path form a single circuit. The total resistance 1s
therefore equal to the resistance of (R,,,+R,5)//R 4, which
1s smaller than the resistance of R, . Consequently, the volt-
age drop across the resistive network of such a small total
resistance 1s small, which leaves capacitor C, ;00 and
C, 10300 €ltectively unprotected.

Variations of the above-mentioned embodiment are 1ntro-
duced below, and equivalent circuit analysis may be applied
to the following embodiments 1n a similar manner as for the
embodiment 1llustrated 1n FIG. 2a.
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In another embodiment, the covering percentage of the
covering layer 120 over the conductive plate substrate 110 1s
over 70%. In still another embodiment, the covering layer 120
may cover the conductive plate substrate 110 completely, 1.¢.
100% coverage percentage, as 1llustrated 1n FIG. 4.

Furthermore, FIG. 5a, FIG. 56 and FIG. 5¢ illustrate vari-
ous embodiments for a type of electrode structure adapted for
high applied voltage which further comprises a metal mesh
layer 130 disposed on the conductive plate substrate 110 not
covered by the covering layer (including 122 and 124). Each
embodiment 1s described as follows. In the embodiment 1llus-
trated 1n FI1G. 5a, the first covering layer 122 includes at least
an opening 123 to expose a portion of the upper surface 112 of
the conductive plate substrate 110, and the metal mesh layer
130 1s disposed at the opening 123 and covers the portion of
the upper surface 112 exposed. In another embodiment 1llus-
trated 1n FIG. 5b, the first covering layer 122 1s formed on the
first surface of the conductive plate substrate 110, with a
portion of the upper surface 112 exposed, on which a metal
mesh layer 130 1s disposed. In still another embodiment 1llus-
trated in FI1G. 5¢, the metal mesh layer 130 covers a portion of
the first covering layer 122 along the periphery of the opening
123. In the foregoing embodiments, FIG. 5a, FIG. 56 and
FIG. Scillustrate examples where the metal mesh layer 130 1s
disposed on the upper surface 112; however, it can be readily
understood that same metal mesh layer 130 may be disposed
on the lower surface 114 of the conductive plate substrate 110.

In continuation to the above description, FIG. 64 and FIG.
65 1llustrate embodiments for a type of electrode structure
adapted for high applied voltage which further comprises a
metal layer 140 wrapping the side-walls 1135 of the conduc-
tive plate substrate 110 not covered by the covering layer
(including 122 and 124). Referring to FIG. 6a, the first cov-
ering layer 122 and the second covering layer 124 are formed
on the upper 112 and lower surfaces 114 of the conductive
plate substrate respectively with the peripheral border of the
upper surface 112 and the lower surface 114 exposed. The
metal layer 140 encapsulates the peripheral border of the
upper and lower surfaces 112, 114 including the side-walls
115 of the conductive plate substrate. In another embodiment
illustrated in F1G. 65, the metal layer 140 wraps the side-walls
115 and covers a portion of the upper surface 112 and a
portion of the first covering layer 122, and a portion of the
lower surface 114 and a portion of the second covering layer
124. In the foregoing two embodiments, the metal layer 140
may be a metal plate or a metal mesh layer.

In an embodiment 1llustrated in FIG. 7, a metal mesh layer
130 can be directly formed on the covering layer 120. Or as
illustrated 1n FI1G. 8, with the covering percentage being over
50% given as a priori, the covering layer 120 may encapsulate
one of the side-walls 115 of the conductive plate substrate
110. As 1llustrated 1n FIG. 5a, FIG. 56 and FIG. 5¢, 1in other
embodiments, the electrode structure illustrated in FIG. 8
may further includes a metal mesh layer 130, which 1s dis-
posed on the covering layer 120 and/or a portion of the con-
ductive plate substrate 110 exposed. As 1llustrated in FIG. 64,
and FIG. 65, 1n still other embodiments, the electrode struc-
ture 1llustrated 1n FIG. 8 turther includes a metal layer 140
wrapping a portion of the peripheral border, including one of
the side-walls 115, of the conductive plate substrate 110 that
1s not covered by the covering layer 120, and optionally
covering a portion of the covering layer 120. The metal layer
140 may be a metal plate or a metal mesh layer.

Furthermore, 1n the aforementioned embodiments, the
clectrode structure adapted for high applied voltage may fur-
ther include an aperture 116 through the conductive plate
substrate 110 and the covering layer 120, as illustrated in FIG.
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9, wherein the covering layer 120 may be optionally disposed
on the side-wall of the aperture structure 116.

One embodiment of the fabrication method for the elec-
trode structure adapted for high applied voltage according
foregoing embodiments comprises: providing a conductive
plate substrate; and forming a covering layer on the surface of
the conductive substrate, wherein the procedure of forming,
the covering layer may be carried out but not limited to by
micro arc oxidation (MAQ), or atmosphere plasma spray
(APS). The covering percentage of the covering layer as
mentioned in the foregoing embodiments 1s more than 50%,
preferably 70% and may be even 100%. Another perspective
that explains the arcing prevention capability of the ceramic
covering layer 1s that when the conductive plate substrate 1s
covered by the covering laver, the electrons are redistributed
evenly so that the chance to build excessive voltage locally 1s
reduced

Next, 1n the previously mentioned structures, the step of
tforming the metal plate or metal mesh layer may be carried
out but not limited to by electroplating, electroless plating or
deposition. In one embodiment, the metal plate or the metal
mesh layer 1s a preformed plate product, finished or semifin-
ished, and 1s disposed on the conductive plate substrate by
way of fastening. The formation of the aperture structure on
the conductive plate substrate may be through direct punch-
ing, drilling, etc, a procedure which can be executed before or
aiter the formation of the covering layer and/or the metal
layer.

According to the foregoing description, an inventive aspect
of the present 1nvention 1s to exploit ceramic material as a
covering layer formed on a conductive plate substrate, and the
area of the conductive plate substrate covered 1s more than the
area exposed. As a result, arcing situations are effectively
reduced and the breakdown voltage applied to the conductive
plate substrate may be significantly increased. In addition, the
area of the conductive plate substrate not covered by the
covering layer serve the purpose for the electrode structure
remaining to be conductive.

In conclusion, the present invention, by covering the sur-
face of the conductive plate substrate with a covering layer
such that the covered area 1s more than the exposed area of the
conductive plate substrate, reduces the possibility of arcing
thereby increases the breakdown voltage that may be applied
to the electrode structure.

The embodiments described above are to demonstrate the
technical contents and characteristics of the preset invention
to enable the persons skilled 1n the art to understand, make,
and use the present invention. However, 1t 1s not intended to
limit the scope of the present invention. Therefore, any
equivalent modification or variation according to the spirit of
the present invention 1s to be also included within the scope of
the present invention.

What 1s claimed 1s:

1. An electrode structure adapted for high applied voltage

comprising:

a conductive plate substrate having an upper surface, a
lower surface, and a side-wall surrounding a periphery
of said conductive plate substrate; and

a covering layer formed on said upper surface and said
lower surface of said conductive plate substrate with a
portion of said conductive plate substrate exposed,
wherein said covering layer 1s made of ceramic material,
and 1s of a covering percentage over said conductive
plate substrate more than about 50%, and comprises:

a first covering layer, formed on said upper surface of said
conductive plate substrate; and
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6

a second covering layer, formed on said lower surface of
said conductive plate substrate.
2. The electrode structure adapted for high applied voltage
according to claim 1, wherein said covering percentage 1s
more than about 70%.

3. The electrode structure adapted for high applied voltage

according to claim 1, wherein said covering percentage 1s
100%.

4. The electrode structure adapted for high applied voltage
according to claim 1, further comprises a metal mesh layer
disposed on said conductive plate substrate not covered by
said covering layer.

5. The electrode structure adapted for high applied voltage
according to claim 1, further comprises ametal layer disposed
on said conductive plate substrate not covered by said cover-
ing layer and a portion of a said covering layer.

6. The electrode structure adapted for high applied voltage
according to claim 5, wherein said metal layer may be a metal
plate or a metal mesh layer.

7. The electrode structure adapted for high applied voltage
according to claim 1, further comprises a metal plate or a
metal mesh layer disposed on said covering layer.

8. The electrode structure adapted for high applied voltage
according to claim 1, wherein said covering layer covers a
portion of the side-walls of said conductive plate substrate.

9. The electrode structure adapted for high applied voltage
according to claim 1, further comprises an aperture through
said conductive plate substrate and said covering layer.

10. The electrode structure adapted for high applied volt-
age according to claim 1, wherein said conductive plate sub-
strate 1s a thin plate.

11. The electrode structure adapted for high applied volt-
age according to claim 1, wherein said conductive plate sub-
strate may be made of metal or non-metal material.

12. A method for fabricating the electrode structure
adapted for high applied voltage according to claim 1, com-
prising the following steps:

providing said conductive plate substrate; and

forming said covering layer on said conductive plate sub-

strate.

13. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12,
wherein said step for forming said covering layer 1s carried
out by micro arc oxidation (MAQ), or by atmosphere plasma
spray (APS).

14. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12,
wherein said covering percentage 1s more than about 70%.

15. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12,
wherein said covering percentage 1s 100%.

16. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12, fur-
ther comprises forming a metal mesh layer on said conductive
plate substrate not covered by said covering layer.

17. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 16,
wherein said step for forming said metal mesh layer 1s carried
out by electroplating, electroless plating or deposition.

18. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 16,
wherein said metal mesh layer 1s a preformed plate product,
finished or semifinished, and 1s fastened to said conductive
plate substrate not covered by said covering layer.

19. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12, fur-
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ther comprises forming a metal layer on said conductive plate
substrate not covered by said covering layer and a portion of
a said covering layer.

20. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 19,
wherein said step for forming said metal mesh layer 1s carried
out by electroplating, electroless plating or deposition.

21. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12, fur-

ther comprises forming a metal plate or a metal mesh layer on
said covering layer.

22. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 21,
wherein said step of forming said metal plate or said metal
mesh layer 1s carried out by electroplating, electroless plating,
or deposition.

23. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 21,
wherein said metal plate or said metal mesh layer 1s a pre-
formed plate product, finished or semifinished, and 1s fas-
tened to said conductive plate substrate not covered by said
covering layer.

24. The method for fabricating the electrode structure
adapted for high applied voltage according to claim 12, fur-
ther comprises forming an aperture through said conductive
substrate and said covering layer.

25. An electrode structure adapted for high applied voltage
comprising;

a conductive plate substrate having an upper surface, a
lower surface, and a side-wall surrounding a periphery
of said conductive plate substrate;

a covering layer formed on said upper surface and said
lower surface of said conductive plate substrate with a
portion of said conductive plate substrate exposed,
wherein said covering layer 1s made of ceramic material,
and 1s ol a covering percentage over said conductive
plate more than about 50%, and comprises: a {irst cov-
ering layer, formed on said upper surface of said con-
ductive plate substrate; and a second covering layer,
formed on said lower surface of said conductive plate
substrate; and

a metal layer wrapping said side-wall of said conductive
plate substrate, and covering a portion of said upper
surface and a portion of said first covering layer, and a
portion of said lower surface and a portion of said second
covering layer.

26. The electrode structure adapted for high applied volt-
age according to claim 25, wherein said metal layer 1s a metal
plate or a metal mesh layer.

277. An electrode structure adapted for high applied voltage
comprising;

a conductive plate substrate having an upper surface a
lower surface and a side-wall surrounding a periphery of
said conductive plate substrate;

a covering layer formed on said upper surface and said
lower surface of said conductive plate substrate with a
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portion of said conductive plate substrate exposed,
wherein said covering layer 1s made of ceramic material
and 1s of a covering percentage over said conductive
plate substrate more than 50%, and comprises: a first
covering layer, formed on said upper surface of said
conductive plate substrate, and with at least an opening
exposing a portion of said upper surface; and a second
covering layer, formed on said lower surface of said
conductive plate substrate; and

a metal mesh layer disposed on said upper surface and
covering said upper surface exposed by said opening.

28. The electrode structure adapted for high applied volt-

age according to claim 27, wherein said metal mesh layer
covers also a portion of said first covering layer along the
periphery of said opening.

29. An electrode structure adapted for high applied voltage

comprising;

a conductive plate substrate having an upper surface, a
lower surface, and a side-wall surrounding a periphery
of said conductive plate substrate;

a covering layer formed on said upper surface and said
lower surface of said conductive plate substrate with a
portion of said conductive plate substrate exposed,
wherein said covering layer 1s made of ceramic material,
and 1s of a covering percentage over said conductive
plate more than about 50%, and comprises: a first cov-
ering layer, formed on said upper surface of said con-
ductive plate substrate; and a second covering laver,
formed on said lower surface of said conductive plate
substrate; and

a metal mesh layer disposed on an exposed portion of said
conductive plate substrate.

30. An electrode structure adapted for high applied voltage

comprising;

a conductive plate substrate having an upper surface, a
lower surface, and a side-wall surrounding a periphery
of said conductive plate substrate;

a covering layer formed on said upper surface and said
lower surface of said conductive plate substrate with a
portion of said conductive plate substrate exposed,
wherein said covering layer 1s made of ceramic material,
and 1s ol a covering percentage over said conductive
plate more than about 50%, and comprises: a first cov-
ering layer, formed on said upper surface of said con-
ductive plate substrate, and exposing peripheral border
of said upper surface; and a second covering layer,
formed on said lower surface of said conductive plate
substrate, and exposing peripheral border of said lower
surface; and

a metal layer wrapping said side-wall of said conductive
plate substrate and covering exposed peripheral border,
of said upper surface and said lower surface respectively.

31. The electrode structure adapted for high applied volt-

age according to claim 30, wherein said metal layer 1s a metal

55 plate or a metal mesh layer.
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